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Reading competence of words and pseudo words, school
performance and listening skills in primary schools

Competéncia leitora de palavras e pseudopalavras, desempenho

escolar e habilidades auditivas em escolares do ensino fundamental

Cintia Alves de Souza’

ABSTRACT

Purpose: To associate the word and non-word reading competence of
students aged from 7 to 10 years according to variables as gender, age,
school performance and auditory abilities. Methods: Observational
analytic cross-sectional study with a non-probabilistic sample. The study
was conducted with 109 students of three educational institutions.
The Word-Pseudoword Reading Competence Test, the Test for School
Achievement, the Sound Localization Test, the Sequential Memory Test
for Verbal and Non-verbal Sounds were used as instruments. Results: In
most children the Word-Pseudoword Reading Competence Test showed
normal results. Most students showed low performance in the Test for
School Achievement. The Simplified Auditory Processing Test resulted in
a higher percentage of adequacy of the sound localization ability, followed
by the auditory ability of simple temporal ordering for non-verbal sounds
and verbal sounds. There was a significant association between the results
of the Word-Pseudoword Reading Competence Test and the Test for School
Achievement and its subtests. Conclusion: The study revealed an association
between word and non-word reading competence and school performance
of children aged from 7 to 10 years, 11 months and 29 days. However, there
was no evidence of association between word and pseudoword reading
competence, sociodemographic variables and auditory abilities.

Keywords: Academic institutions; Auditory perception; Understanding;
Reading; Language; Speech therapy
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RESUMO

Objetivo: Associar a competéncia leitora em palavras e pseudopalavras de
escolares de 7 a 10 anos de idade, segundo as variaveis sexo, idade, desempenho
escolar e habilidades auditivas. Métodos: Estudo observacional analitico
transversal, com amostra ndo probabilistica composta por 109 escolares.
Foram utilizados como instrumentos o Teste de Competéncia de Leitura
de Palavras e Pseudopalavras, o Teste de Desempenho Escolar, o Teste de
Localizagao Sonora, o Teste de Memoria para Sons Verbais em Sequéncia
¢ 0 Teste de Memoria para Sons Nao Verbais em Sequéncia Resultados: O
Teste de Competéncia de Leitura de Palavras e Pseudopalavras apresentou
resultado normal na maioria das criangas. No Teste de Desempenho Escolar, a
maioria dos escolares apresentou desempenho inferior, conforme critérios de
classificagdo do teste. A Avaliagao Simplificada do Processamento Auditivo
resultou em maior porcentagem de adequagdo da habilidade auditiva de
localizagdo sonora, seguida pela habilidade auditiva de ordenagao temporal
simples para sons ndo verbais e para sons verbais. Houve associagao
significativa entre os resultados do Teste de Competéncia de Leitura de
Palavras e Pseudopalavras e do Teste de Desempenho Escolar e seus
subtestes. Conclusio: O estudo revelou associag@o entre a competéncia
leitora em palavras/pseudopalavras e o desempenho escolar de criangas
de 7 anos a 10 anos, 11 meses e 29 dias. Contudo, ndo houve evidéncia
de associagdo entre a competéncia leitora em palavras/pseudopalavras, as
variaveis sociodemograficas e as habilidades auditivas.
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INTRODUCTION

Reading comprehension is a complex process that begins
when the reader has contact with the text and it later develops
through the activation of several cognitive processes in a way
that the entire reading and comprehension pathway occurs
satisfactorily'). Among these interrelated cognitive processes,
the following are noteworthy: the ability to process, store, and
retrieve information, the ability to recall, to think, to reason, to
logic, as well as the auditory and visual processing. This context
encompasses jointly the basic reading processes, such as the
recognition, i.e. the decoding of words, and the extraction of the
meaning of printed words, which, although necessary, are not
sufficient for comprehension to occur®. Thus, it can be said that
a person may in fact understand a text that was read, whenever
she is able to decode it and use the contained information in
future actions. For this reason, reading comprehension plays
an important role in the literacy process, as it constitutes the
basis for learning in many areas of knowledge"®.

The learning process takes place individually, due to
the influence of variables such as brain maturation and the
environment in which the infants are inserted”. Despite this
particularities, there are some prerequisites for this process
to happen satisfactorily. Thus, keeping the focus on school
learning, achieving a good performance is conditioned to the
development of writing, reading and arithmetic skills®.

Therefore in the literacy process, reading competence develops
in stages —the logographic, alphabetic and orthographic stages - and
through the use of different strategies - logographic, phonological
and lexical®. The Word-Pseudoword Reading Competence Test
(WPRCT), the instrument chosen to assess reading competence
in the present study, evaluates the development of this ability
during the logographic, alphabetical and orthographic stages'?.

The evaluation of word and pseudo-word reading is considered
adequate, since the phonological path (phonological strategy)
can be especially analyzed by the ability to read pseudowords,
while the lexical path (lexical strategy) can be analyzed by the
ability to read irregular words"). In addition, authors'V stated
that performance in reading tasks improves with increases in
age and schooling, being automated over the school years.
This is due to the fact that children gain greater experience
with reading and lexical knowledge and phoneme combination
structures, thus improving both reading routes?.

By associating reading comprehension with reading single
words, it is found that as word decoding becomes a faster process,
the working memory is able to devote more time to syntactic
analysis tasks, to the semantic function of each element of the
sentence and how the sentences are integrated in that context,
thus contributing to the comprehension of the material read!?.

In this context, several researchers have highlighted the skills
contained in phonological processing as a predisposing element
for reading acquisition and development, including phonological
awareness, access to the lexicon and phonological working
memory'?. Phonological processing encompasses the process of
using language sound information and is essential for both oral
and written language'¥. Therefore, students with difficulty in
this processing may have difficulty in triggering accurate visual
processing, which will result in impaired phonological access,
necessary for reading and writing, as phonological processing
is seen as an active component in the reading-decoding and
written-coding process'®. Changes in reading fluency and
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reading comprehension are usual in children with handicaps
in this processing, due to deficits in phonological perception
and low storage capacity of information in working memory‘'?.

For this reason it is important to mention the role played by
working memory, which is key in the reading process. Working
memory allows to temporarily keep information in mind so that
it can be manipulated by comparing, relating or contrasting it,
establishing connections with long-term memory to access prior
knowledge in order to provide better reading comprehension®.
It is noteworthy that working memory plays an active role in
information processing and has the following mental representation:
central executive, main component responsible for maintaining
attention, and concentration*'¥. It can manage information
processing and storage at the same time, while overseeing the
three subcomponents!'>'¥: the phonological loop, which stores
verbal information'>!¥; the visuospatial system, responsible for
retaining both visual and spatial information>!¥ and, finally,
the episodic buffer, responsible for managing the retrieval of
long-term memory information®.

Working memory has fundamental importance for good
performance in phonological awareness and phoneme-grapheme
association tasks, since it is necessary to retain verbal information
to manipulate language structure*'¥. Studies have shown that
children with impaired phonological awareness skills also had
poor working memory performance!9.

Working memory is also important for language comprehension,
learning and reasoning, as it allows the temporary storage and
manipulation of information necessary for the performance of
those complex tasks!'?.

Similarly, the processing of auditory information also plays
a key role. Central auditory processing can be defined as the
ability of the central nervous system to use auditory information
efficiently and effectively!!” and includes sound localization
and lateralization skills; hearing discrimination; hearing pattern
recognition; temporal aspects of hearing, including temporal
ordering; hearing performance when exposed to competitive
acoustic signals (including dichotic listening) and hearing
performance with degradation of acoustic signalst!®.

The present study was based on two auditory skills:
1) sound localization, defined as a binaural phenomenon, due
to the interaural differences in time and intensity of the sound
stimulus that reach both ears, a fact that allows the individual
to determine the distance, the position and elevation of the
sound source"”; 2) temporal ordering, which is related to the
processing of various auditory stimuli, in the order in which
they occur". Thus, it is expected that the individual is able to
identify the correct order in which the sounds were presented .

According to the literature®”, auditory processing tests
have often been used to verify the association between school
difficulties and changes in the development of auditory skills,
since the study related learning difficulties with auditory
processing disorder®”,

By understanding the relationship between poor performance
in working memory and phonological awareness tasks in
children with impaired hearing skills, it can be inferred that
the storage and processing of language information are linked
to the processing of auditory information. Furthermore, it is
possible to infer that the central auditory system communicates
with other mental areas, producing a “ripple effect” on the other
higher systems, including working memory®.

A study"™® showed that children with impaired auditory
abilities had worse results in the assessment of temporal
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resolution, phonological awareness and working memory
(including word and pseudoword decoding), which strengthens
the inference of the association of central auditory processing
with other mental modules.

Given that reading competence and hearing skills are
essential for good school development®*® and that there is a
shortage of studies relating these skills, the present research
may play an important role, aiming to provide subsidies for
the development of health promotion strategies at school, in
addition to fostering the understanding about the development
of schoolchildren, and consequently helping to develop effective
therapeutic strategies for children with difficulties in this area.

It is worth mentioning that the guiding axis of this research
was the hypothesis that there is an association between reading
competence and school, auditory and sociodemographic aspects.
It is noteworthy that the proper development of this competence
is essential in order to allow the process of learning to actually
happen during the school phase.

Thus, the aim of the present study was to verify the
association between words and pseudowords reading competence
in schoolchildren from 7 to 10 years old confronted with the
variables gender, age, school performance and hearing skills.

METHODS

This is a cross-sectional observational analytical study,
with a non-probabilistic sample, consisting of 109 students,
aged 7 to 10 years, enrolled in three municipal schools in the
Northern and Pampulha regions of Belo Horizonte, Minas Gerais.
Of these, two are located in a health district with a medium
health vulnerability index and the other in a health district with
a low health vulnerability index. The study was cleared by the
Research Ethics Committee of the Federal University of Minas
Gerais - CEP-UFMG, under opinion CAAE 0672.0.203.000-11;
and the adults responsible for all participants signed the Informed
Consent Form - ICF.

The criteria for inclusion in the study were: being between
7 and 10 years old and regularly enrolled in the educational
facility, regardless of whether or not they were repeating students.
Exclusion criteria were: not being literate; to quit during the
test application; present evidence or history of cognitive,
neurological, neuropsychiatric or motor impairment; being in
the process of evaluation or speech therapy; having a previous
diagnosis of hearing impairment; being dismissed from the
educational facility prior to the completion of the tests.

To fulfill the research objective, the following procedures
were performed:

- Word-Pseudoword Reading Competence Test (WPRCT)!?:
An individual application test, evaluating the silent reading
of words and pseudowords. It consists of eight training
items and seven subtests with ten items each, randomly
distributed throughout the test. It has 78 items, each of
which is formed by a picture and a written element, which
can be a word or a pseudoword. The child’s task is to
circle the right and appropriate words to the pictures and
to mark the wrong words that are not appropriate to the
pictures. For the effect of analysis, scores classified as
“very low” and “low” were considered altered results,
while scores classified as “medium” and “high” were
considered normal results'?.
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- Test for School Achievement (TDE)?Y: assesses writing,
reading and arithmetic through three subtests: writing,
which assesses the child’s ability to write his or her own
name and isolated words; reading, which evaluates the
reading of single words; arithmetic, which evaluates
oral problem solving and mathematical operations.
The writing subtest was applied in small groups ranging
from a minimum of three children to a maximum of
five. The other subtests were applied individually.
The time to perform the TDE should be approximately
20 to 30 minutes, and for its completion, students receive
an individual notebook containing the three subtests with
items presented in increasing order of difficulty. The test
can be started by any subtest and should be interrupted
when the solution of a certain item is no longer possible
for the child®V.

- Assesment of auditory skills®®: performed individually,
it consists of tests that assess auditory abilities of sound
localization and simple temporal ordering for verbal
and nonverbal sounds. In the sound localization test,
the evaluator plays the rattle in five directions (right,
left, front, above, behind) and asks the child to point
out which one the sound originates from. In the memory
test for verbal sounds in sequence, the child is asked to
repeat, as she/he hears, the three sequences in which
the syllables /pa/, /ta/, /ka/, /fa/ are presented by the
examiner. In the memory test for nonverbal sounds in
sequence, the child is asked to point out the correct order
of the three sequences in which the four instruments
(bell, rattle, coco, agogd) were presented®?. The tests
are performed without visual cue.

Data collection was performed on different days, in a space
provided by the school, and each session for application of the
instruments lasted from 40 to 60 minutes. All procedures were
performed in a room with little noise exposure, in order to avoid
interference in the results.

The response variable of this study was the reading competence
and as explanatory variables the sociodemographic aspects
(gender, age and school year), school performance and auditory
skills of sound localization and simple temporal ordering.

It is noteworthy that the number of participants varied in
the applied tests, due to lost data or unfinished tests.

The collected data were typed, checked and categorized in
a database. Descriptive analysis of frequency distribution of
all categorical variables and analysis of central tendency and
dispersion measures of continuous variables were performed.
For association analyzes, Pearson’s chi-square and Fisher’s exact
tests were used, considering as statistically significant associations
those with p<0.05. The school performance variable, according
to the test classification criteria, presents, as a result, the options
“superior”, “mid” and “inferior”. For analysis, these options
were categorized as “mid/superior” and “inferior”. For data
entry and processing, the software SPSS version 20.0 was used.

RESULTS

The sample consisted of 109 students, most of them (50.5%)
male. The age range ranged from 7 years to 10 years, 11 months
and 29 days, with a mean age of 8 years and one month and
a median of 8 years. Regarding education, the sample was
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distributed between the 1st and 4th grades of elementary school,
with 1/3 attending the 1st grade (n = 34), 40%, the 2nd grade
(n = 39), 16%, the 3rd year (n = 17) and 11%, the 4th year
(n=12) (Figure 1).

The Word-Pseudoword Reading Competence Test (WPRCT)
was applied to 102 children, of which 14 (12.8%) presented
altered result and 88 (80.7%), normal result, according to the
reference criteria for age and education'®. The median age
of the children who showed both adequate and inadequate
results was 8 years. The performance in the WPRCT showed
great variation, according to the variables school year and
age, and students from the 1st (31.4%) and 2nd (32.3%) years
had the highest occurrence of adequate results, according to
the reference criteria’®. In addition, the highest percentage
of changes occurred in students from the 2nd (5.9%) and 3rd
(4.9%) grades (Figure 2). The higher number of adequate and
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inadequate results of children in the 2nd year is explained by the
fact that a large portion of the sample is attending this school
year (39 children).

As for the Test for School Achievement (TDE), of the
103 students evaluated, 56 (51.4%) had lower school performance,
while 47 (43.1%) had mid/superior school performance.

The Simplified Auditory Processing Test (SAPT) was
applied to 103 students and showed that approximately 2/3 of
the children had adequate hearing localization skills (90.9%)
and simple temporal ordering for verbal sounds (52.1%) and
nonverbal sounds (65.3%) in sequence. It is noteworthy that the
percentage of adequate results in the test that assesses the sound
localization ability was considerably higher when compared to
the percentage of adequate results in the tests that assess the
simple temporal ordering ability.
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Figure 2. Boxplot of the distribution of results of the Word-Pseudoword Reading Competence Test
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Although no association was statistically significant, it was
observed that students with adequate results in the three tests of
the Simplified Auditory Processing Test also presented results
compatible with the normality criteria in the WPRCT (Table 1).

The distribution of students with normal performance in
WPRCT, regarding gender, was similar, with the number of
girls (n = 47) slightly higher than boys (n = 41). Students
enrolled in the 1st year (n = 32) and the 2nd year (n = 33)
of elementary school presented the best performance in the

WPRCT, when compared to the students of the 3rd and 4th
years. However, such associations were not statistically
significant (Table 2).

There was statistical significance between the results of the
WPRCT and the variables overall TDE, Writing TDE, Arithmetic
TDE and Reading TDE. Thus, it was found that children with
normal performance in WPRCT tend to have a mid/superior
school performance in the overall TDE classification as well
as in each of the three subtests that compose it.

Table 1. Association between the results of the Word-Pseudoword Reading Competence Test and auditory skills for sound localization ability and

simple temporal ordering

WPRCT
Variables Altered Normal p-Value
n % n %

SMNV Adequate 6 6.1 58 59.2 0.11*
Non-adequate 7 71 27 27.6
Total 13 13.2 85 86.8

SMV Adequate 5 5.1 46 47 0.30*
Non-adequate 8 8.1 39 39.8
Total 13 13.2 85 86.8

SL Adequate 11 11.2 78 79.7 0.44**
Non-adequate 2 2 7 71
Total 13 13.2 85 86.8

*Chi-Square Test; **Fisher’'s Exact Test

Captions: SMNV = Sequential Memory Test for Non-verbal Sounds; SMV = Sequential Memory Test for Verbal Sounds; SL = Sound Localization Test;

WPRCT = Word-Pseudoword Reading Competence Test; n = number of stude

nts

Table 2. Association between the results of the Word-Pseudoword Reading Competence Test and socio-demographic variables and the Test for

School Achievement

WPRCT
Variables Altered Normal p-Value
n % n %
Sex Feminine 5 4.9 47 46.1 0.22*
Masculine 9 8.8 41 40.2
Total 14 13.7 88 86.3
Schooling 1st year 2 2 32 31.4 0.13*
2nd year 6 5.9 33 32.3
3rd year 5 4.9 12 11.8
4th year 1 0.9 11 10.8
Total 14 13.7 88 86.3
Overall TSA Lower School performance 13 13 40 40 <0.001**
Mid-superior School performance 0 0 47 47
Total 13 13 87 87
Written TSA Lower School performance 13 13 41 41 <0.001**
Mid-superior School performance 0 0 46 46
Total 13 13 87 87
Arithmetic TSA Lower School performance 12 12 33 33 <0.001**
Mid-superior School performance 1 1 54 54
Total 13 13 87 87
Reading TSA Lower School performance 13 13 37 37 <0.001**
Mid-superior School performance 0 0 50 50
Total 13 13 87 87

* Chi-Square Test; ** Fisher's Exact Test

Captions: WPRCT = Word-Pseudoword Reading Competence Test; TSA = Test for School Achievement; n = number of students
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DISCUSSION

This study was conducted in three municipal schools in
the Northern and Pampulha regions of Belo Horizonte, Minas
Gerais. The students participating in the assessment belonged to
the age group 7-10 years and were enrolled from the first to the
fourth year of elementary school. Most participants were male
and in the second grade, being the age of 8 years most frequent.

Regarding WPRCT, the results considered adequate, according
to the reference criteria?, were concentrated in students from
the first and second year. This finding differs from that found
in other studies'®?®, which demonstrated an improvement in
student performance with increasing schooling.

It is worth mentioning an important result found in this
study, which showed that more than half of the sample had
lower school performance, which may have influenced the
performance of children in WPRCT. It is worth considering
that, despite the results, all students enrolled from the first to the
fourth year were invited to participate in the research. Therefore,
this relevant finding reflects the profile characterization of the
studied sample.

In the analysis of the association of WPRCT results with age,
the data found in this study, although not statistically significant,
concur with the literature!'”, showing better results in the
performance of students aged 7 to 8 years while worse results
appear in 9-year-old schoolchildren. Although it is expected to
improve the use of these routes as age and education progress?,
this data can be explained by the difficulty of 9-year-old students
with the use of reading routes, reflecting the sample profile
of the present research. However, this finding merit to be
further investigated in future research. It is noteworthy that the
study? that presented the validation of the WPRCT evaluated
students from the first to the third grade of elementary school,
corresponding to the students enrolled up to the fourth year of
elementary school in the nine-year regime.

In the association between the results of the WPRCT and
the auditory skills of location and simple temporal ordering,
it was found that more than two thirds of the students with
adequate results in the auditory processing tests also presented
normal results in the WPRCT. Despite the lack of statistical
significance, this finding confirms other reports in the literature®?,
since changes in hearing skills are often related to difficulties
in reading, writing and learning®®.

The auditory ability of sound localization, important for the
development of spatial perception and selective attention®,
was the item that presented the best results considering all
the evaluated students, in accordance with what was also
demonstrated by other research 529,

Regarding the tests that evaluate the auditory ability of
simple temporal ordering, it is worth mentioning that almost
half of the students presented inadequacy in the Sequential
Memory Test for Verbal Sounds and more than one third of
the students presented inadequacy in the Sequential Memory
Test for Non-verbal Sounds, showing a significant number of
changes in the auditory ability of simple temporal ordering.
This findings agree with data shown by other authors®”, who
also found a large proportion of students with inadequacy in
the above tests. Thus, when considering the importance of such
skills in language development, it is necessary to think about
strategies to prevent hearing impairment in this population.
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In students who presented alterations in WPRCT, it was
also found the inadequacy of the simple temporal ordering
ability, which is related to the ability to recognize, identify and
order acoustic stimuli during a given period, according to the
order in which they were presented®”. Other studies*”* have
verified the association between reading and temporal auditory
processing. Since this auditory ability is essential for speech
and language comprehension, its inadequacy may derive in
orthographic difficulties and hindrance in the coding/decoding
of both words and phrases®’2?).

The presence of results with statistical significance between
the overall TDE, its subtests and the WPRCT indicates that
reading competency is related to school performance. Considering
that reading stands out as an important means of knowledge
acquisition®, it can be seen its importance throughout the school
development process'?.

A study® that correlated reading strategies assessed through
the WPRCT with school grades evidenced the importance of
reading strategies in the academic performance of students.
This study demonstrated the evolution of the reading strategies
used by the students and their consequent evolution in the
reading ability, from the logographic strategy until reaching the
orthographic or lexical strategy®. This gradual development
is crucial, since difficulties in reading ability can compromise
the entire learning process, therefore interfering with school
development?,

Reading is closely related to writing, as both require being
skilled regarding the phoneme-grapheme and grapheme-phoneme
encoding and decoding process!'?. Thus, difficulties in reading
and writing skills may end up lowering the school performance®?.

It is also possible to affirm that the reading ability works
as a feedback factor, contributing to the learning process of
several school contents, being mathematics one among them©?,
For this reason this ability becomes a facilitator for the use of
complex cognitive processes, such as analogical and analytical
reasoning, that is needed for example, for learning arithmetic®?.

It is important to point out that, although the isolated analysis
of words and pseudowords was not performed, the chosen test
(Word and Pseudo-word Reading Competence Test) reflects in
its final score the score of both categories.

The findings of the present study constitute a breakthrough
as they discuss the association of reading competency tasks with
auditory skills and school performance. Thus, it is noteworthy
that this research may open the way for furthering studies in
this area, in order to be used for health promotion in the school
environment, as well as for the improvement of interventions
in children with school issues.

Notwithstanding the abovementioned advances, some
limitations are worth of consideration. Among them, the fact
that the sample was non-probabilistic and selected students from
only three public education institutions, which did not allow
to extrapolate the results to another contexts. In addition, the
non-equivalence of the distribution of subjects in the age and
education groups made it impossible to perform other analyzes
and associations among the dataset.

In addition, the use of other instruments with more robust
samples should be performed for further investigation. The use of
other tests to assess auditory processing and reading competence
is proposed, since the simplified assessment performed in
this study did not show statistically significant results when
associated with reading competence, and the WPRCT indicated
weak results in pre-teens.
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Future research with population studies and adjustment of the
instruments is necessary, in view of the purpose of incorporating
the results into speech, language and hearing sciences, as well
as in educational practice.

CONCLUSION

The study revealed an association with statistical significance
between reading competence in words/pseudowords and school
performance of children aged from 7 to 10 years, 11 months
and 29 days, indicating the importance of reading ability in
the academic performance of students. However, there was
no evidence of a statistically significant association between
words/pseudowords competence, sociodemographic variables and
auditory skills (simple temporal ordering and sound localization).
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